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Abstract 
Integrating nanowires in sensing devices is not a straightforward issue and several problems must be solved before 
obtaining a functional device.  Placing nanowires in selected positions, creating stable electrical contacts or 
optimizing the setup to obtain high responses are the most important difficulties that arise in this process.  In this 
contribution we present a set of solutions to avoid these limitations in the application of nanowires to gas sensing 
devices.
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Metal oxide conductometric gas sensors are very popular in alarm and control applications thanks to 
their low cost and good response towards toxic gas species [1]. In the last years, large efforts have been 
devoted to their miniaturisation, using nanowires (NWs) as building-blocks due to their excellent sensing 
properties, related to the high surface-to-volume ratio, and to the perfection of their crystalline structure. 
Simultaneously, a challenge appears in the fabrication of contacts to them, which requires sophisticated 
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high-resolution (low-throughput) techniques. In this work, alternative techniques to the contact 
fabrication that increase this throughput and that can be used on large surfaces, trying to make them 
compatible with microfabrication processes, will be presented and discussed. 
2. Experimental 
Single crystalline SnO2 NWs, of radii between 20 and 200 nm, are synthesized by chemical vapor 
deposition [2]. Some of these NWs are removed from the substrate, dispersed in ethyleneglycol and a 
drop is put over the surface of a SiO2/Si substrate with photolithographically pre-patterned 
microelectrodes. The as-dispersed NWs are electrically contacted using the focused electron- and ion-
assisted deposition of a platinum stripe inside a Dual Beam focused ion beam (FIB) instrument, as 
described in detail elsewhere [3]. dc-electrical measurements are carried out using a Source Measure 
Unit, keeping the sample at the typical operation temperatures (200-350ºC). Pulses of CO or NOx of 
different concentration and duration are mixed with dry synthetic air and introduced in the measuring 
chamber that contains the sensor and the resistance change is measured. These devices serve as reference 
for those fabricated according to the following processes. 
The alignment of the NWs is carried out by dielectrophoresis (DEP), using an ad-hoc designed 
electrode layout on a SiO2/Si substrate. The NWs are dispersed in ethanol and a drop is placed on the 
substrate with applied ac-voltage until full evaporation of the solvent has occured. 
Suspended microhotplates (MHPs), with lateral sizes of about 100μm, with integrated Pt interdigitated 
electrodes and buried heaters, are fabricated using surface micromachining techniques. The same 
dispersion procedure as described above is used to place the NWs on the substrates for their contacting. 
3. Results and discussion 
3.1. Dielectrophoretic alignment of NWs 
In anisotropic objects, like NWs, when subjected to a strong applied ac-field, a dipole moment is 
induced. This dipole interacts with the strong applied electric field, the resulting forces tending to displace 
the objects along the electric field gradient towards the region with the highest electric field, with which 
they line up. In real applications, the electric field can be generated by applying an ac-voltage to two 
electrodes which are closely positioned, which is exactly what is also required to fabricate the contacts to 
individual NWs, as has been done up to now [2]. 
To optimize the electric field for this particular application, different parameters need to be taken into 
account, like the relation between the length of the NWs and the distance between the electrodes, as the 
NWs have to be confined between the electrodes. If there is no match, the aligning efficiency will be low. 
Other parameters are the shape and distance between the electrodes, the former determining the field 
strength, the latter determining the possible overlap of the fields generated between different pairs of 
electrodes. Different ad-hoc designed geometries of the electrodes have been fabricated on SiO2/Si
substrates, consisting of multiple confronted tips (figure 1). The alignment yield after the DEP 
experiments has been obtained from counting the number of NWs aligned between tips from different 
SEM images over larger areas (inset in figure 1). The yield is maximized at low frequencies, below about 
1kHz. Next, the bridging NWs are fixed to the electrodes to ensure a good electrical contact using 
Focused Electron-beam induced deposition (FEBID) on the two ends of the NW (figure 1). This 
procedure already strongly reduces the standard FEBID required with NWs randomly dispersed over 
standard substrates. The electrical and gas behavior, however, is the same as with the reference samples 
(those with made on the same substrate but without alignment). Figure 1 right shows the operation of one 
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of these devices as gas sensor towards different concentrations of CO. The CO pulses can be easily 
identified in the image, as well as the resistance drop in the presence of the reducing gas. This proves the 
feasibility of this approach. 
Figure 1: Left: SEM images of the microelectrodes employed for DEP experiments: Left shows an overview of the layout, upper 
right inset corresponds to a NW aligned using DEP between two electrodes, while the lower right shows the same NW after being 
fixed using Pt deposition inside the FIB. Right: Response of the individual NW of figure 1 toward different concentrations of CO at 
300ºC. 
3.2. Microhotplates as substrates 
One way to reduce the heating required for operating the nanosensors, which is achieved, generally, 
by heating the complete measuring chamber, with a typical power consumption of several Watt, is to use 
suspended MHPs with heater and electrodes as substrates for the NWs and to contact them using the FIB 
approach, as shown figure 2 left. This has been achieved in the same way as for the NWs aligned using 
dielectrophoresis. However, here the NWs have been dispersed in ethyleneglycol. 
Figure 2: Left) SEM image showing a 7.5 micron long NW contacted between 2 electrodes on top of a MHP (blue arrow). The Pt 
deposits made with the FIB are indicated by the red arrows. Right) Response of the sensor of the left image towards different 
concentrations of CO and at two different temperatures, achieved with extremely low power consumptions.. 
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For the operation of this MHPs with individual NWs as gas sensor devices, it is only necessary to heat 
up the suspended MHPs, keeping the rest of the sample at or close to room temperature. And this can be 
achieved with the integrated heater which is fabricated at the bottom surface of the MHP, with a power 
consumption in the range of few mW to some tens of mW, depending on the MHPs size. The gas sensing 
response of devices fabricated on top of suspended MHPs is shown in the right side of figure 2 for two 
different operating temperatures, achieved at two different power supplies. The resistance change for the 
highest temperature, 450K, has been obtained with a power supply of only 7.5mW. 
Thanks to the fast response of such devices, the possibility of other operating modes different from the 
standard “constant current and temperature“ mode, can be envisaged. For example, the rapid change in 
the temperature can be used to use to probe the sample at different temperatures in few seconds, obtaining 
different gas response patterns, and, thus, having an electronic nose with one single sensor. Or using duty 
cycles in which the nanosensor is only heated for few seconds over a long time, saving quite some power. 
4. Conclusions 
In this work the fabrication process of gas nanosensors based on individual metal oxide nanowires has 
been presented, making use of the possibilities of focused ion beam technology. The prototypes fabricated 
with this methodology have been extensively tested and are operative towards different gases. 
Thanks to the fast response of such devices, the possibility of other operating modes different from the 
standard “constant current and constant temperature“ operation mode, can be envisaged. More concretely, 
the rapid change in the temperature can be used to use to probe the sample at different temperatures in 
few seconds, obtaining different gas response pattern, and, thus, having an electronic nose with one single 
sensor. Or using special duty cycles in which the nanosensor is only heated for few seconds over a much 
longer time, saving quite some power. 
With the aim of reducing fabrication complexity, time and cost, alternatives to the fabrication have 
been presented. One is based on the use of dielectrophoresis for the manipulation and alignment of the 
nanowires between pairs of contacts, bridging them, reducing the amount of time of focused ion beam 
required to fix them to the contacts. A second alternative consists in the integration of the nanowires onto 
suspended microhotplates. The use of microheaters enables fast and reproducible modulation of the 
temperature with low power consumption, confirming them as possible components of future portable 
nanodevices. 
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